suMMaRy
During the swelling of crosslinked elastomers in solvents, the polymer matrix undergoes high strains that affect the thermodynamic equilibrium between the polymer and solvent. On account of this, the local concentration of solvent at the contact boundary of the swollen specimen with the liquid phase changes continuously from a certain initial value that arises at the instant of immersion of the specimen into the solvent to a limit value corresponding to the equilibrium-swollen state of the material. As is known [1, 2] , this non-stationary boundary regime is the cause of so-called "abnormalities" of sorption kinetics. One of the methods for solving problems of polymer chemistry associated with surface effects and, in particular, investigations of multicomponent diffusion in polymers is the method of frustrated total internal reflection IR spectroscopy [3, 4] .
The frustrated total internal reflection method is based on the effect of total internal reflection at the interface of two media with different refractive indices [3] . Frustrated total internal reflection spectroscopy is preferable in obtaining spectra of polymer specimens, as it is a very complicated business to manufacture sufficiently thin polymer films for measurements by the traditional transmission method [5] .
In this work an attempt was made to determine the local surface concentration of solvents in polymeric materials with the aim of establishing the existence of a non-stationary boundary regime by means of frustrated total internal reflection IR spectroscopy for the case of crosslinked polyurethanes and organic solvents.
ExPERIMENtal
The investigation was conducted on amorphous polybutadiene urethane (PBU) elastomer. For the manufacture of the elastomer, use was made of an SKU-DF-2 prepolymer with M ~ 2.3 × 10 3 , obtained by the interaction of oligobutadiene diol with excess (2×) 2,4-toluylene diisocyanate. The curing agent used for the SKU-DF-2 prepolymer was a two-component curing agent -a mixture of oligobutadiene diol (M ~ 2 × 10 3 ) with oligo(oxypropylene) triol (Laprol 373) (M ~ 370) in a diol:triol molar ratio of 0.75:0.25. The ratio of the NCO groups of the prepolymer to OH groups of the curing agent was 1.025. Specimens of the investigated elastomer cured for 5 days at 80 ± 2°C were additionally held for at least 30 days at room temperature.
The swelling kinetics was investigated on specimens in the form of discs of 16 mm diameter and 2 mm thickness by the gravimetric method at a temperature of 24 ± 0.5°C in organic solvents: dibutyl sebacinate (DBS) and dioctyl sebacinate (DOS). The kinetic curves of swelling were calculated by means of the formula g(t) = m(t)/m E , where m(t) and m E are the current and limiting value of the mass of liquid absorbed by the specimen respectively.
The change in the plasticiser concentration in PBU specimens during swelling was recorded by the frustrated total internal reflection IR method on a Bruker IFS 66/S Fourier spectrometer using a KRS-5 crystal, a = 45°. In analysis of the spectrum, an examination was made of the relative intensity (the ratio of the intensity of the selected analytical band to the intensity of the reference band corresponding to a component whose concentration is known and constant under the experimental conditions). Figure 1 gives spectra of the PBU specimen during swelling in DOS.
As the reference band, use was made of the 1600 cm -1 absorption band corresponding to vibrations of the phenyl group present in the polyurethane. As the analytical bands, use was made of the absorption bands of DBS and DOS:
• the intense absorption band of stretching vibrations of the C=O band of the ester group -1735 cm In the PBU-DBS system, an analysis was made of the absorption band in the region of uncharacteristic vibrations -840 cm -1 [3, 6] . From Figure 1 it can be seen that the local concentration of DOS on the surface of the specimen increases during its swelling.
Calibration curves for each absorption band were plotted in (I; J) coordinates, where I is the relative intensity of absorption, and J is the surface local degree of swelling. It was established that the experimental dependence J = J(I) is linear in nature (Figure 2 ).
During swelling, thermodynamic equilibrium occurs at the contact boundary of the polymer with the solvent, and in this case the local degree of swelling on the surface of the material is equal to its equilibrium degree of swelling. Therefore, having the calibration curve J(I), where J = 1/f (f is the volume fraction of the polymer in the swollen specimen), and experimental data from spectral analysis of I(√t) (Figure 1) , it is possible to plot the curve of change in the surface local concentration of the solvent in the material during swelling J(√t) ( Figure 3 ).
As can be seen from Figure 3 , curve 1 has a pronounced S-shape, which is indirect confirmation of the abnormality of the sorption kinetics, and accordingly of the existence of a non-stationary boundary regime [1] . Experimental data are in good agreement with theoretical calculations.
Thus, by IR Fourier spectroscopy, the existence of a non-stationary boundary regime was established experimentally, arising during the swelling of polymer networks and responsible for the abnormal diffusion kinetics of absorption of the solvent. Furthermore, the method given makes it possible to study the deformation dependence of the equilibrium degree of swelling of polymer networks under conditions of biaxial symmetrical elongation, which is very difficult to do by other methods. Figure 3 . Evolution of the surface local degree of swelling of PBU in DOS, determined from IR spectra (1) , and the kinetic curve of swelling (2) . Continuous curves -results of numerical solution of the problem describing the process of free swelling of a flat layer [1, 2] 
